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Executive summary

Livestock characterization projects in developing regions are characterized by a mere 

physical description of traditionally recognized populations or a purely academic genetic 

description of populations. However, characterization of livestock resources is meant to serve 

the purpose of developing conservation and utilization programs. A national characterization 

project should be geared to the specific national livestock production objectives. Thus there 

is a need to adopt a more practical characterization approach to assist in the development 

of national conservation and utilization strategies. This report provides a practical 

methodological framework suited for characterization and conservation of sheep resources 

in developing regions. The report highlights current approaches and tools for characterization 

and conservation of sheep resources and presents a model approach synthesising results 

of a study on characterization and conservation of sheep resources of Ethiopia. The study 

is a collaborative project between Wageningen University and the International Livestock 

Research Institute. The methodological framework can be applied elsewhere in developing 

countries with similar characterization and conservation objectives. 

Characterization of Farm Animal Genetic Resources (FAGR) encompasses all activities 

associated with the identification, quantitative and qualitative description, and 

documentation of breed populations and the natural habitats and production systems 

to which they are or are not adapted. The initial step in characterization is identification 

of distinct populations using information on their geographic and ecological isolation, 

traditional nomenclatures (traditionally recognized populations), phenotypic distinctness 

and the level of genetic differentiation among the populations. Identification of genetically 

distinct breeds is commonly based on molecular data which is considered as the state-of-

the-art technique. However, identification of distinct populations or groups could be done 

using tools ranging from simple significant morphological characters to molecular data. Data 

collected on Ethiopian sheep resources showed that there is a high congruence between 

classifications of the sheep resources into major breed groups using significant morphological 

characters (tail type and shape), multivariate analysis using several morphological 

characters, and microsatellite allele frequency data. However, even multivariate analysis 

could not discriminate between populations within the major groups. For such detailed 

characterization, molecular genetic tools are required. A parallel morphological 

characterization of genetically identified breeds is mostly missing from characterization 

projects. Besides to their role in classification, morphological characters, together with 

geographic distributions, are also required to physically identify, describe, and recognize a 

genetically distinct animal or plant population. 
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Assessment of the population characteristics of identified breeds is also an important 

component of livestock characterization. This includes estimates of population sizes, flock 

structure, and assessment of the level of indiscriminate or irrational crossbreeding which are 

indicators of threat to the survival of the adapted indigenous genetic resources. Furthermore, 

information on the current merits of the breeds regarding their contribution to the socio-

economic wellbeing of the communities maintaining them need to be collected, and 

their relative contributions to the total genetic diversity need to be assessed. All the above 

information can be combined to set conservation and utilization priorities. Commonly, 

conservation priorities of breeds are set based on their contribution to the genetic diversity 

conserved. However, conservation priorities in developing regions should be set based on 

the overall merit of each breed. Study on sheep resources of Ethiopia showed that ranking 

of breeds for conservation changes as the criteria for conservation change. Furthermore, 

conservation strategies should not exclude utilization of the resources to the benefit of the 

communities keeping the breed including improvement of the breeds. However, genetic 

improvement of traditional breeds should not be at the expense of conservation. To this end, 

conservation-based breeding programs considering breeding objectives of communities, 

adaptive merits of breeds, and full involvement of the community in the design and 

implementation of breeding programs are required. 

A literature review of characterization approaches showed that some of the characterization 

activities are resource and time intensive and cannot be applied in developing regions. 

For instance, extensive nationwide production system surveys, long-term characterization 

approaches such as performance evaluation of breeds under experimental conditions, and 

continuous monitoring of farmers flocks are not feasible and the information collected may 

not deserve the time and resource spent. An array of complicated molecular characterization 

tools is also used. Experiences from characterization of Ethiopian sheep resources indicate 

that a simpler practical approach needs to be adopted. 

This report largely dwelt on the technical aspects of sheep genetic resource characterization 

and conservation in developing regions. Operational aspects of setting up national programs 

for characterization and conservation action may be country specific. However, some 

general aspects such as institutional setups and breeding policy and strategy formulation 

could be similar across countries. A proposed scheme for setting up a national livestock 

characterization and conservation program is presented, taking Ethiopia as a case study.
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1 Introduction

Characterization of Farm Animal Genetic Resources (FAGR) encompasses all activities 

associated with the identification, quantitative and qualitative description, and 

documentation of breed populations and the natural habitats and production systems to 

which they are or are not adapted. The aim is to obtain better knowledge of FAGR, of their 

present and potential future uses for food and agriculture in defined environments, and 

their current state as distinct breed populations (Rege and Lipner 1992). National-level 

characterization comprises the identification of the country’s FAGR, understanding their 

status, trends and the associated risks that these resources are exposed to. The process also 

includes the systematic documentation of the indigenous knowledge around them as well 

as the information gathered so as to allow easy access and sustainable management (FAO 

2007).

Livestock characterization projects in developing regions are often characterized by mere 

physical descriptions of traditionally recognized populations or a purely academic genetic 

description of populations. However, characterization of livestock resources is meant to 

inform development of conservation and utilization strategies and programs. To achieve this, 

there is a need to adopt a more practical and in-depth characterization approaches. 

The objective of this report is to highlight the available characterization and conservation 

tools and provide a practical framework that could suit developing countries situations. 

Characterization tools range from simple descriptions of traditional livestock populations 

to a highly sophisticated molecular genetics tools. This report provides a practical 

methodological framework suited for characterization and conservation of sheep genetic 

resources in developing regions. The report highlights current approaches and tools used 

for characterizing and conserving sheep resources. By synthesising results of a study on 

characterization and conservation of sheep resources of Ethiopia, it presents a replicable 

model for countries with similar situations. The report is on a study and project that was 

undertaken by the International Livestock Research Institute (ILRI) in collaboration with 

Wageningen University, and that was funded by the Netherlands Foundation for the 

Advancement of Tropical Research (WOTRO) grants number WB 82-280.
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2 Characterization of sheep resources
2.1 Overview of characterization approaches
2.1.1 Production system and environment description

Characterization of the production system and environment in which a breed is kept and 

used is an essential component of characterization of FAGR. Description of the production 

system is particularly relevant in developing regions where farm animals are kept under 

diverse production systems and for multiple uses. When characterizing a livestock population 

and production system in order to inform sustainable utilization of the livestock resources, 

emphasis should be given to farmers’ and pastoralists’ indigenous knowledge that relate 

to the management of the genetic resources in question. Besides, the value of the genetic 

resource in terms of tangible (economic) and intangible benefits (cultural, social and 

environmental) it provides to the community, as well as farmers preferences and opinions 

need to be assessed. Such information is essential in informing the design of an effective and 

sustainable community-based utilization and conservation schemes. A detailed livestock 

systems research manual has been developed by the International Livestock Research 

Institute (ILCA 1990) and a comprehensive list of animal and environment descriptors 

to serve as a guide for standardized characterization activities at various levels has been 

developed by FAO (FAO 1986). 

Description of the production environment is highly valuable for understanding the 

comparative adaptive fitness of a specific animal genetic resource, which is the case in 

developing regions where the production environment is mostly marginal and thus adaptive 

traits are important merits of the breeds. Production environment descriptors for animal 

genetic resource study have been devised (FAO 1998).

Information on production system and production environment is collected through surveys. 

Surveying of production systems per se, not in the context of breed characterization, has 

been a major research undertaking in developing regions. The main objectives of these 

surveys are to describe the production system and environment and identify constraints to 

increase livestock productivity. Such surveys targeted administrative zones rather than breed 

populations, and as such largely fail to address the objectives of breed characterization. 

Therefore, surveying needs to be undertaken systematically after breeds or breed groups 

have been identified or simultaneously with breed identification surveys (section 2.1.2.1). 

Nevertheless, information collected from lower administrative levels or zones can be 

collated, aggregated and analysed to give breed-level description of production systems and 

environments.
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2.1.2 Phenotypic characterization 

2.1.2.1 Breed identification and description

Physical characteristics of livestock could be associated with various productive and 

adaptive characteristics of the same. Neutral genetic markers are commonly used in genetic 

characterization of livestock species. However, contrary to characterization using adaptive 

physical characters, neutral markers do not reflect the diversity in production and adaptive 

traits. Therefore, in addition to neutral marker information, physical characteristics such 

as described in FAO descriptor list (FAO 1986) could thus be used to separate genetically 

distinct populations and identify those that are suitable for specific production environments. 

In developing regions, populations of livestock of the same species, especially if they are 

geographically isolated and recognized by ethnic owners as being distinct from others 

around them, are traditionally recognized/considered as distinct eco-types or breeds. 

Preliminary identification of breeds involves phenotypic characterization of the local 

populations using purposive sampling strategy for targeting traditionally recognized 

populations. If such traditionally classified populations do not exist, purposive sampling 

based on traditional nomenclatures could be complemented by systematic sampling strategy. 

Systematic sampling could consider geographical isolation, ecological isolation and evident 

phenotypic distinctness of populations. Systematic sampling could also help identify 

traditionally unrecognized, but distinct populations. 

Qualitative and quantitative physical measurements of animals required for identifying and 

describing distinct populations or breeds or breed groups are collected through surveys. For 

this purpose, a comprehensive list of animal descriptors has been developed by FAO (see 

FAO 1986). Besides, images of typical adult males and females under their natural habitat 

need to be taken.

2.1.2.2 On-station performance evaluation

On-station phenotypic performance evaluations of breeds are also essential component of 

FAGR characterization in a broader sense. Information on the value of a breed in terms of 

its performance provides a basis for conservation and utilization decisions. Performance 

evaluations have dominated national livestock programs in developing regions (see national 

reports in Rege and Lipner 1992) including Ethiopia (Biniam 1992; Abegaz and Duguma 

2000; Solomon 2002).

Performance evaluation mainly encompasses maintaining nucleus flocks in government 

ranches and research stations and collection of performance data and their use to describe 
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performance characteristics of a local breed. The activity could also be a comparative 

evaluation involving more than one local breed and/or local and crossbred populations. 

2.1.2.3 On-farm monitoring

On-station performance evaluation (see section 2.1.2.2) provides a more accurate 

performance characteristic of a breed as it is carried out under well designed and controlled 

experimental conditions. On the other hand, on-farm performance evaluation gives a 

more representative performance level of the breed since it is undertaken under the natural 

production environment of the breed. 

On-farm monitoring involves monitoring the productive and reproductive performance of 

a breed on selected representative village flocks or herds. For a detailed description of the 

methodology, reference is made of a manual by the International Livestock Centre for Africa 

(ILCA 1990). Periodic monitoring of the population dynamics and flock structures of a breed 

is also suggested for the purpose of assessing the risk status of a breed (FAO 2007). 

2.1.3 Genetic characterization

2.1.3.1 Genetic parameter estimation

Genetic evaluation is best carried out under a controlled on-station condition. Genetic 

evaluation could be carried out as a comparative study regarding the additive genetic merits 

of two or more breeds for certain genetic traits. It could also be a genetic description of a 

breed population in terms of additive genetic variance in certain selected performance and 

adaptive traits within the population (i.e. estimation of genetic parameters). A fairly detailed 

guideline for establishing on-station flocks for the purpose of estimating genetic parameters is 

provided in Rege and Lipner (1992). 

2.1.3.2 Molecular genetic characterization

Outcomes of morphological characterization (see section 2.1.2.1) need to be complemented 

by genetic characterization (FAO 2007). Genetic characterization involves the description 

of breeds in terms of the relative allelic frequencies, degree of polymorphism using a set of 

neutral reference markers and classifying livestock breeds using genetic distances between 

populations/breeds (Cavalli-Sforza and Edwards 1967; Nei 1972; Nei et al. 1983). 

A while ago, genetic characterization tools included biochemical (protein) polymorphisms 

and molecular polymorphisms. However, biochemical markers lack the power to resolve 

differences between closely related populations because of low polymorphism (Meghen et 

al. 1994). Polymorphic molecular genetic markers include microsatellites, single nucleotide 
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polymorphisms (SNPs), restriction fragment length polymorphisms (RFLPs), randomly 

amplified polymorphic DNA (RAPDs), mitochondrial DNA markers, Y-specific alleles and 

amplified fragment length polymorphisms (AFLPs). In recent past,, microsatellites have 

become markers of choice for diversity study (Ruane 1999; Sunnucks 2001) because of 

their co-dominant nature, ease of amplification and hypervariability. Microsatellites are 

also recommended markers for characterizing FAGR (FAO 2005). However, it should be 

emphasized that microsatellites are more useful for measuring short range diversity. For a 

thorough diversity assessment, in addition to marker types, molecular characterization need 

to take into consideration the number of markers required and their diversity scope. 

2.2 A practical characterization approach for developing regions 

Most of the characterization and conservation tools available in the literature are largely 

relevant to the developed country situations, and are ill-suited to the developing country 

settings. Breed characterization approaches that suit developing region situations need to be 

developed (see section 2.1 above). The relevance of animal genetic resource characterization 

tools to developing regions are discussed and a practicable approach is presented. This is a 

synthesis of the experiences of a study on sheep resources of Ethiopia into a methodological 

approach. 

2.2.1 Practical considerations

2.2.1.1 Planning and implementation

Survey of sheep resources of Ethiopia encompassed phenotypic descriptions, molecular 

genetic characterization, and description of the production systems and production 

environments of the sheep breeds. This involved office, field and laboratory activities. It is 

important to plan well for such a country-wide survey. Extensive literature study on sheep 

resources of Ethiopia as well as the study of political, ecological and route maps of Ethiopia 

facilitated planning of the field work. It is also important to plan with regional, zonal and 

district level agricultural development offices that have the means to facilitate the field work.

Field work implementation needs to be coordinated (see Workneh and Rowlands 2004). In 

the current survey the major activities were blood sample collection, phenotypic observation 

and measurement, and characterization of the production systems and environments. It is 

important that the different survey activities be conducted first in one population so that 

experiences could be used for characterizing the subsequent populations. Surveying of the 

Ethiopian sheep was undertaken on a sheep population basis ( i.e. all the activities were 

completed during one field visit to each sheep population). For survey of each population, 

the regional and zonal agricultural development offices were contacted for a brief discussion 
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on traditionally recognized sheep types and their distribution in the region and selection 

of sample districts. The district level development workers were consulted to select sample 

villages (peasant associations, PAs), and PA development workers to select flocks or 

households. As an indication for similar works, the whole survey work was undertaken 

by one researcher, one field assistant-driver, and hired labourers in each locality for sheep 

handling. The field work took a six-month intensive work and the laboratory analysis took 

another six months.

2.2.1.2 Sampling strategy

A general sampling strategy for characterizing livestock resources is discussed under 

section 2.1.2.1. In the case of sheep resources in Ethiopia, mainly a purposive sampling 

was followed since there are traditionally well recognized sheep populations. Thus we 

primarily targeted sheep populations traditionally recognized by ethnic and/or geographic 

nomenclatures. Phenotypically similar, ecologically and geographically proximate 

populations may have different names, or could each consist of distinct subpopulations. Thus 

traditionally recognized, phenotypically distinct, and/or geographically/ecologically isolated 

populations were surveyed. There are quite many ecological subzones in Ethiopia, but only 

the major ecological zones were sampled. The sampling sites and the ecological zones are 

shown in Figure 1 and summarized in the footnote of Figure 1. 

Once a population to be sampled is identified, sampling of individual flocks or animals 

within population needs consideration. For molecular genetic analysis unrelated animals 

need to be sampled. For each population, 48 animals comprising 1–2 animals per flock 

randomly selected from each village, the latter of which were randomly selected from the 

selected districts were sampled across different districts within the breeding tract of the 

population were sampled and blood samples collected for genetic analysis. Morphological 

data should be collected from animals of similar sex and age. Thus morphological 

measurements were made on full-mouth adult ewes only. Depending on the trait, 

18–40 ewes from each population were measured. Blood samples and morphological 

measurements were collected on the same set of animals.

2.2.2 Phenotypic characterization

2.2.2.1 Physical and performance characteristics 

A physical descriptor list (FAO 1986) was adopted for characterizing sheep resources of 

Ethiopia. Qualitative traits observed included: coat colour, fibre type, face profile, ear form, 

presence of horn, tail type and tail shape. Quantitative and morphometric characteristics 

measured were: body weight, withers height, body length, heart girth, substernal height, 
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ear length, tail length, tail width at the middle of the tail, and hair length. Means for each 

quantitative measurement were calculated to describe the size and shape of each population 

sampled.

Source: Based on MOA (1998). 

Figure 1. Map of Ethiopia showing location of sampled sheep population and a sketch of the Red Sea area 

showing Bab-el-Mandeb, route of fat-tailed sheep introduction into Africa. 

Traditional sheep populations sampled: 1. Simien, 2. Sekota, 3. Farta, 4. Tikur, 5. Wollo, 6. Menz, 7. Gumz,  

8. Washera, 9. Horro, 10. Adilo, 11. Arsi, 12. Bonga, 13. Afar, 14. Black head Somali.

Ecological zones: I. Subalpine: cool to very cold submoist/dry alpine mountains and plateaus, low vegetation 

cover, with average altitude of 3008 masl, with 1102 mm rainfall, maximum 22.1ºC and minimum 7.6ºC 

temperature; II. Humid lowland: hot subhumid lowland plain, high vegetation cover, with average altitude of 

637 masl, 894 mm rainfall, maximum 37.7ºC and minimum 20.1ºC temperature; III. Wet highland: tepid to cool 

wet highlands, very high vegetation cover, with average altitude of 2091 masl, 1437 mm rain, maximum 24.8ºC 

and minimum 10.1ºC temperature; and IV. Arid lowland: hot arid lowland plain, very low vegetation cover, with 

average altitude of 894 masl, 404.5 mm rainfall, maximum 33.2ºC and minimum 17.4ºC temperature.

The 14 sheep populations identified were, based on the traditionally recognized ethnic 

or geographic names, local keepers, geographic and ecological distributions “distinctly” 

distinguishable by their different physical features. Information collected need to be compiled 

in a format (Table 1) that can facilitate the documentation of the populations in global 

databanks (DAD-IS of FAO and DAGRIS of ILRI).
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Detailed and accurate performance characteristics can only be assessed on few selected 

breeds maintained on-station or monitored on-farm (see sections 2.1.2.2 and 2.1.2.3). 

Nonetheless, even in a nation-wide breed survey, involving single-visits, key individual 

and flock level performance can still be assessed. This was the case in this survey. Body 

weights of full-mouth adult ewes (Table 4) were taken/assesed using sling balance and their 

reproduction performance (flock or for selected animals) data (Table1) were collected using 

farmer recall method. 

2.2.2.2 Bio-geographical mapping of the resources

Description of geographical and ecological distribution as well as estimates of population sizes of animal 

genetic resources is also an essential component of characterization effort. Geographical distribution of animal 

genetic resources can be accurately mapped using geographic information system (GIS) tools. A simplified 

approach as used to map sheep resources of Ethiopia can also be adopted (Figure 2). 
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Figure 2. Geographic distribution of sheep types. 

Here we consulted farmers and development agents on the distribution of the sheep 

populations and made extensive field observation which was virtually a transect walk across 
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the country. Distribution of each population was appraised by district level, and a district-

based digital mapping resource (Collins et al. 2001) was used to map the resources. Figure 1 

shows ecological distributions of the populations.

Breed-level population data is required to monitor risk status of populations and design 

conservation and improvement programs. However, breed-level livestock population data are 

not available in developing regions. Livestock population censuses are commonly taken by 

geographical location (district, zone or region) of populations. We used the national livestock 

estimate of sheep population (CSA 2005) to derive breed-level population estimate for sheep 

breeds in Ethiopia (Table 1). Breed-level population estimates were extracted based on 

geographic distribution of the breeds. 

Population sizes as such may not show the risk status of breeds. A direct indicator of the 

population characteristics is the effective population size, which can be calculated from the 

rate of inbreeding in the population. Rate of inbreeding is also an indicator of the level of 

within-population genetic diversity. Rate of inbreeding can be calculated using molecular 

data. However, in situations where acquisition of molecular data is not practicable, as is the 

case in most developing countries, information on flock structure can be used to calculate 

the rate of inbreeding using the formula: 

 ∆F = 1/4Nm + 1/4Nf 

where Nm and Nf, are the number of breeding males and females in the flock, and effective 

population sizes using the formula: 

 Ne = 1/2∆F 

Thus a detailed description of breed-level average flock sizes and compositions by sex and 

age is essential (see Solomon et al. 2008). 

2.2.3 Production system description

Description of production systems has abounded the literature on livestock studies in 

developing regions. Most of the studies are too detailed and the information contained may 

not worth the time and resources spent. Detailed studies are not feasible, particularly when 

breed-level description of production systems at national level is required. In recognition of 

the high resource requirements for extensive surveys, particularly in developing regions, a 

simplified recording of production system variables has been suggested (FAO/UNEP 2000; 

see Appendix 1). 
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A brief description using major indicators of production systems and environments may 

give a fair picture of a breed’s niche. Such an approach was adopted for characterizing 

the production systems and environments in which sheep breeds of Ethiopia are raised 

and adapted (Table 2). It is important to assess the whole range of production systems and 

environments where a particular breed is raised. Such information gives an indication of the 

range of productive and adaptive potential of a breed. It should be noted from Table 2 that a 

particular breed could be raised in more than one production system and environment (e.g. 

BHS is primarily adapted to arid lowlands but it seems that its adaptive fitness has extended 

through time to higher altitudes). 

Table 2. Sheep types and major sheep production systems in Ethiopia

Production 
systems

Characteristic features of production systems
Sheep breeds

Environment Main products
Scale of production 
and management

Subalpine 
sheep–barley 
system

Subalpine  
(> 3000 
masl)

Meat, fibre, 
manure, skin; 
unreliable, long-
season barley

Medium-scale 
sheep production; 
semi-intensive,† 
low-input

Simien,1 Tikur,1 
Menz,1 Wollo,1 
Farta,2 Arsi-Bale,3 
Horro3

Highland 
cereal–
livestock 
system

Highlands 
(1500–3000 
masl)

Mainly cereal 
cropping; meat, 
manure, skin

Small-scale sheep 
production; semi-
intensive, low-input

Washera,1 Sekota,1 
Horro,2 Arsi-Bale,2 
Wollo,3 Farta,1 
BHS3

Highland 
perennial crop 
system

Highlands 
(1500–2000 
masl)

Mainly perennial 
cash crops (coffee, 
inset, khat); meat, 
skin

Minor sheep 
production; 
semi-intensive, 
low-input; some 
practice tethering 

Bonga,1 Adilo,1 
Horro,2 Arsi-Bale2

Lowland 
crop–livestock 
system

Wet lowland 
(up to 1000 
masl)

Cereals, sesame, 
cotton; meat, skin

High level of 
livestock keeping; 
semi-intensive, low-
input

Gumz,1 Afar,3 Arsi-
Bale,3 BHS3 

Pastoral/
agro-pastoral 
system

Semi-arid/
arid (up to 
1000 masl)

Meat, milk, skin; 
minimal or no 
cropping

Rangeland-based 
large-scale sheep 
production; 
extensive, low-input

Afar,1 BHS1 

†   Based on feeding, veterinary care, and housing.

1. Major portion of or the whole sheep population is managed under the system.

2. Significant portion of the sheep population is managed under the system.

3. Minor portion of the sheep population is managed under the system.

Other important characteristics of sheep production systems in Ethiopia collected include 

breed-level flock structure and farmers’ assessment of their breed in terms of productive and 

adaptive traits. The information was collected in a single-visit simple participatory survey 

tool, Rapid Rural Appraisal (see Solomon et al. 2008a). A detailed analysis of the production 
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systems in which a breed is used may be needed for a breed(s) chosen for technological 

interventions. Information to be collected may include farmers’ socio-economic conditions, 

preferences, and breeding, production and marketing objectives. Such information could be 

collected in a single-visit survey (e.g. see Solomon (2008) for Menz and BHS breeds) or as 

part of a multi-visit on-farm monitoring activity (see section 2.1.2.3).

2.2.4 Molecular genetic characterization

2.2.4.1 Genotyping 

Molecular genetic characterization of populations broadly involves analysis of the genetic 

diversity within- and between-populations. Arrays of molecular genetic markers are used 

to describe the molecular genetic characteristics of livestock populations. Microsatellite 

allele frequency is commonly used. This was also used to estimate within-population 

genetic diversity and genetic distances between sheep populations in Ethiopia. A strategy 

that was used for blood sampling and for genotyping is described in section 2.2.1.2. All 

animals sampled were genotyped using 17 microsatellite genetic markers: OARVH72, 

TGLA53, MCM42, OARFCB20, ILSTS005, ILSTS011, BM8125, ILSTS44, DYMS1, MAF209, 

MAF214, MCM527, OARFCB11, OARCB226, OARFCB304, OARJMP29, and SRCRSP9 

as recommended by FAO (2005). DNA extraction, amplification and analysis were done 

following standard procedures (see Solomon 2008 for details).

2.2.4.2 Within-population genetic diversity 

Study of the genetic variation within a population gives indications as to the potential of a 

population to adapt to a changing environment. Study of within-breed diversity may also 

provide information on the potential response of a population to within-breed selective 

genetic improvement. However, markers currently in use for genetic characterization are 

neutral markers and thus there is a need to characterize populations based on variation 

at quantitative trait loci coding for productive and adaptive functions. Generally, within-

population diversity is important to measure as it is one major criterion to set conservation 

priorities.

Most genetic characterization studies list a range of measures of genetic diversity within 

populations. In the study of sheep resources of Ethiopia, we selected two parameters to 

estimate genetic diversity (allelic richness and expected heterozygosity). We observed a 

high degree of within-breed genetic diversity compared to between-breed diversity. This is 

a characteristic of large traditional populations that have not been under strong selection 

(Lauvergne et al. 2000). This is a strong indication to the need to conserve traditional 

populations.
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2.2.4.3 Between-population genetic diversity 

Another measure of genetic diversity is genetic distances between populations. Genetic 

differentiation can be measured as overall genetic differentiation among sheep populations 

and differentiation between pairs of populations. Genetic differentiation of sheep populations 

in Ethiopia was estimated by F-statistic (FST) and genetic distances between populations were 

measured by Nei’s (1972) genetic distance, DA. 

An important characteristic to note in genetic diversity in livestock populations is that the 

variation within a population is much larger than that between the populations. This is well 

exemplified in the study of Ethiopian sheep where the diversity between Ethiopian sheep 

populations accounted for only 4.6% of the overall genetic diversity (global FST value 

= 0.046 ± 0.004), the rest being accounted for by within-population variation. It is also 

important to note that the relative small contribution of between-breed diversity to total 

diversity does not necessarily imply small differences between populations; FST values 

between pairs of Ethiopian sheep populations indicated that most populations are genetically 

distinct. 

2.2.5 Approaches to classification

Classification determines methods for organizing the diversity of livestock populations. 

Phenotypic and genetic description of surveyed livestock populations should not be the final 

output of a characterization effort. Most characterization efforts culminate in providing the 

phenotypic and molecular genetic characteristics of the surveyed populations. However, 

such information should be further utilized to classify the traditional populations into 

phenotypically and genetically distinct management units termed as ‘breeds’ in conventional 

animal breeding nomenclature.

Different ‘levels of classification’ can be considered depending on the resources available 

to generate data on the phenotypic and genetic characteristics of populations. Populations 

could be broadly categorized based on few morphological characters which are believed 

or known to have evolutionary significance in differentiation of populations. If resources 

allow, populations could be classified based on detailed morphological characters employing 

advanced multivariate morphometric analysis. Further, genetically distinct breeds could be 

identified using molecular genetic tools. 

2.2.5.1 Significant morphological characters

The first attempt to categorize African sheep based on few significant phenotypic characters 

such as tail and hair type was by Epstein (1971). In this section, classification of Ethiopian 

sheep into major groups based on significant phenotypic characters is described. 
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The 14 sheep types were categorized based on tail type and tail form/shape (short vs. 

long), as well as their ecological and geographical distribution as presented below. Tail 

type is a significant morphological character used to classify African sheep as it is related 

to evolutionary history of founder sheep populations from Asia. A careful examination 

of morphological characters and eco-regional distributions can result in a more refined 

categorization of populations. For instance, earlier studies used tail type (MOA 1975) and 

eco-regional distribution (Sisay 2002) to describe some of the sheep types. Inclusion of tail 

form/shape as a criterion in the current study enabled identification of two groups of fat-

tailed sheep (short-fat-tailed and long-fat-tailed) which were grouped together previously 

as fat-tailed sheep. In the current study four major groups were identified: subalpine short-

fat-tailed, highland long-fat-tailed, lowland fat-rumped, lowland thin-tailed. Each group 

inhabits an adjacent geographic and ecological region and the four groups differ in other 

morphological characteristics and certain performance parameters (Table 1).

2.2.5.2 Multivariate analysis 

As discussed above, detailed phenotypic data can be used for classification purpose if time 

and resources allow. Quantitative and qualitative characters as described in section 2.1.2.1 

were used for the multivariate analysis. The quantitative measurements were made size-free 

by allometric transformation. This was done to transform the quantitative size measurements 

to measures of body shape which is an important adaptive character. Multivariate analysis 

using continuous quantitative and discrete qualitative variables together could pose a 

problem as most software for multivariate analysis have no provision for such combined 

analysis. This problem was overcome in the current analysis by scoring qualitative characters 

on a quantitative binary scale using dummy variables. See Appendix 2 for description of 

the characters and character states. Hierarchical cluster analysis and discriminant function 

analysis were used to depict morphological clustering patterns (see Solomon et al. 2007 for a 

detailed method). 

Setting the break point for Euclidean distance at 10 (Figure 3), the 14 populations clustered 

into four groups which corresponded to the four groups classified based on tail form and 

shape alone (see section 2.2.5.1). The exception was Washera sheep which was separated 

from the short-fat-tailed group. Washera sheep is an out-group. Though it has a short fat tail, 

it does not resemble the other populations in the group: it is a hair sheep, large-sized and 

prolific (litter size = 1.8). Hair coat is found in several East African fat-tailed sheep that have 

interbred with hairy thin-tailed sheep (Epstein 1971). 

The question arises whether multivariate analysis which requires collection of data on 

a multiple of phenotypic descriptors is worthwhile. Comparison of the two phenotypic 

approaches for classification discussed in sections 2.2.5.1 and 2.2.5.2 reveals that there is a 
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high congruence between visual classification based on few morphological characters and 

multivariate analysis. The added advantage of multivariate analysis in discriminating Washera 

sheep may not deserve the extra time and resource spent to collect data on a multiple of 

phenotypic traits. Nevertheless, data on a multiple of phenotypic descriptors need to be 

collected in order to describe the populations adequately (see Table 1). 

Figure 3. Neighbour-joining dendrogram.

These are constructed from Nei’s genetic distances (left), and UPGMA dendrogram constructed using between-

population Euclidean distances derived from morphological variables (right). Roman numbers indicate breed 

groups, and within breed group; Arabic numbers indicate breeds.

2.2.5.3 Should phenotypic classification suffice? 

Phenotypic descriptors are the oldest tools for taxonomic studies. In fact the ‘Tree of Life’ 

is constructed based on observation of morphological traits. The value of morphological 

classification can be evaluated by assessing the congruence between morphological and 

genetic data obtained on the same sample population. From the study on sheep resources of 

Ethiopia, it can be seen that there is a fair congruence between the dendrograms constructed 

based on Euclidean distances and molecular genetic distances (Figure 3). Populations in 

the five morphological clusters (section 2.2.5.2) also clustered together in the genetic tree. 

Furthermore, populations in the four major groups classified using significant morphological 

characters (section 2.2.5.1) also clustered together in the genetic tree. 

From the discussion above, it should be fairly safe to conclude that morphological 

characterization is an important tool in characterization of sheep resources, and that 

morphological variation could be used to classify populations into genetically distinct 



19

major groups. Besides, morphological characterization could be used as a sole tool where 

resources are limiting, which is the case in most developing regions. However, even 

multivariate analysis could not discriminate between populations within the major groups. 

For such detailed characterization, molecular genetic tools are required. A further drawback 

of morphological tools is that they cannot distinguish between populations that are under 

similar adaptive evolutionary processes but under different forces of neutral selection (e.g. 

Horro and Bonga sheep).

2.2.5.4 Molecular classification 

Two molecular genetics tools were used to classify sheep resources of Ethiopia. The first is 

based on the 14 predefined populations using Nei (1972) genetic distance, DA. Five distinct 

clusters (Figure 3) can be discerned based on Nei genetic distances: (1) Menz, Sekota, Tikur, 

Farta, Wollo, and Simien; (2) Adilo, Arsi-Bale, Horro and Bonga; (3) Afar and BHS; (4) Gumz; 

and (5) Washera. 

The above tree-based method could not discriminate populations within each cluster. 

Further, the approach could not tell if there are genetically distinct subpopulations within a 

population. Therefore, a Bayesian method without a priori knowledge on populations (i.e. 

taking the 14 populations as a single population) was used to refine the classification (Table 

3). The Bayesian analysis refined the classification by discriminating Bonga sheep from the 

long-fat-tail group. The analysis further gave the level of admixture within each inferred 

population. The information on the level of admixture is particularly important as to why 

Washera sheep clustered separately in the tree-based analysis. 

Table 3. Proportion of membership of each of the 14 predefined populations in each of the 5 in-
ferred populations obtained from Bayesian analysis

Predefined 
populations

Inferred populations
1 2 3 4 5

Simien 0.043 0.027 0.079 0.799 0.053
Sekota 0.074 0.059 0.090 0.569 0.207
Farta 0.094 0.072 0.106 0.582 0.146
Tikur 0.052 0.065 0.143 0.642 0.099
Wollo 0.101 0.069 0.132 0.574 0.124
Menz 0.094 0.091 0.090 0.507 0.217
Gumz 0.073 0.038 0.828 0.031 0.030
Washera 0.319 0.054 0.323 0.204 0.099
Horro 0.624 0.143 0.116 0.048 0.068
Adilo 0.669 0.112 0.079 0.060 0.081
Arsi-Bale 0.674 0.051 0.097 0.059 0.119
Bonga 0.025 0.892 0.033 0.018 0.032

Afar 0.097 0.062 0.106 0.113 0.621
BHS 0.075 0.035 0.043 0.044 0.803
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Classification of genetic resources should be based on a combined consideration of genetic 

differentiation, phenotypic distinctness and ecological distribution of populations. Besides to 

their value as a classification tool, phenotypic or morphological characters help in describing 

the genetically distinct populations. Furthermore, ecological and morphological variations 

are indicative of adaptive variation among populations. We made use of the different 

molecular analytical tools to arrive at a thorough classification of sheep resources of Ethiopia. 

Based on Bayesian method, six breed groups were identified. Within each breed group, we 

considered the DA distance between populations and identified in total nine breeds (Table 4). 

Table 4. Proposed classification of Ethiopian sheep into major breed groups and breeds

Breed group Breed Population Tail type/shape
Fibre  
type

Body  
weight1  
(kg)

I. Short-fat-tailed Simien Simien Fatty and short Fleece 26.9

Short-fat-
tailed

Sekota, Farta, Tikur, 
Wollo, Menz 

Fatty and short Fleece 25.4

II. Washera Washera Washera Fatty and short Hair 32.8

III. Thin-tailed sheep Gumz Gumz Thin and long Hair 31.0

IV. Long-fat-tailed Horro Horro Fatty and long Hair 35.4

Arsi Arsi-Bale, Adilo Fatty and long Hair 28.6

V. Bonga Bonga Bonga Fatty and long Hair 34.2

VI. Fat-rumped 
sheep

Afar Afar Fat rump with 
fat tail

Hair 31.0

BHS BHS Fat rump/tiny tail Hair 27.9

1. Average adult body weight for a given breed.

2.2.6 Causes of divergence

Knowledge on the degree of genetic and morphological diversity of a genetic resource 

and the classification of the diversity into management groups should be supplemented 

with information on the factors contributing to diversification of the genetic resource. This 

helps to design a successful program for the management of the resources. To this end, 

information on the historical pattern of diversification of populations under study, the role of 

the communities maintaining the populations through breeding management practices, and 

adaptive variation among populations including the factors contributing to adaptive variation 

need to be assessed. 

Current population structure in African sheep populations is believed to correspond to 

the historical pattern of introduction of sheep into Africa. Sheep were introduced to Africa 

via three routes of migration and identified as fat-tailed, thin-tailed and fat-rumped sheep 

(Epstein 1971). However, further diversification after initial introduction of the three precursor 
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populations is to be expected. This is best exemplified by the case in the study of Ethiopian 

sheep where a careful observation of the sheep populations revealed further diversification 

in significant morphological characters. Such diversification could be due to adaptive 

fitness or selective breeding by the communities maintaining the resources. An approach 

for analysing the association between the hypothesized causal factors and the observed 

genetic and morphological variation based on Manly (1991) is presented in Solomon et al. 

(2007). For example, the analysis of population structure in Ethiopian sheep indicated that 

morphological variation was found to be adaptive and significantly related with ecological 

distribution of the populations. On the contrary, further genetic differentiation after initial 

introduction was explained by Isolation-by-distance model (Wright 1943), and was not 

related with variation in ecology or breeding management of the different communities 

maintaining the resources. 
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3 Conservation of sheep resources

The goal of characterizing livestock genetic resources is to gather information on the diversity 

and genetic merits of the resources that can be used to develop conservation and genetic 

improvement programs. The interface between conservation and genetic improvement 

programs or utilization does not seem very clear in the literature when the concept of 

conservation is applied to farm animals which are a major source of livelihoods in many 

parts of the world. The main question to answer regarding conservation of farm animals is 

whether conservation and genetic improvement are competitive or complementary. 

Conservation of livestock resources should ideally be undertaken at global level because of 

the existence of cross-country breeds. However, specific local interests, such as conservation 

with the objectives of improving local communities, are better served by national 

conservation programs. Furthermore, breed information collected for local or regional 

conservation purposes can as well be used for designing global conservation schemes. The 

first and primary activity in designing a national livestock conservation program is to set 

conservation priorities at species and breed levels.

3.1 Strategies for setting conservation priorities

Resources are always limited to conserve all the available livestock genetic resources, 

particularly at the national level in most developing regions. Besides, all the breeds may 

not be at risk or endangered, or may not contribute equally to the total genetic diversity 

or to the socio-economic livelihood of the communities maintaining the breeds to warrant 

conservation efforts. Thus there is always a need for setting priorities to conserve, develop 

and utilize among the available genetic resources.

Strategies for setting conservation priorities for livestock populations depend on the 

objectives or arguments for conservation. Insurance arguments promote preserving the 

available genetic diversity for the uncertain future. Another argument is conservation for 

sustainable utilization of the resources currently and for posterity. 

In this section, a methodological approach to select breeds for conservation is illustrated, 

adopting strategies identified by Bennewitz et al. (2007) for setting conservation priorities. 

Information gathered for characterizing and conserving sheep resources in Ethiopia is used 

for the illustration. The illustration focuses on how the ranking of breeds changes as the 

objectives for conservation effort changes. Relevance of the strategies for conserving livestock 

genetic resources in the context of developing regions is discussed. 
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3.1.1 Risk strategy

Risk strategy is defined as the choice of breeds for conservation based on their risk status. 

Risk status of breeds has been considered as a primary criterion for setting conservation 

priorities. Risk categories for livestock breeds (safe, endangered, critical) have been defined 

by FAO. Risk status or degree of endangerment of a breed is inferred from various criteria: 

population size, population dynamics, number of breeding males and females, rate of 

inbreeding, level of indiscriminate crossbreeding, ongoing conservation activities, and risk 

of natural and human disaster. Crossbreeding may increase overall genetic diversity as it 

introduces new genes in the population and new genotypes (e.g. synthetic breeds). However, 

the major culprit threatening the survival of the adapted indigenous breeds in Africa is 

indiscriminate or irrational crossbreeding. Crossbreeding can be considered as ‘a necessary 

evil’ as it delivers the much desired fast growth in livestock productivity and at the same time 

threatens the indigenous breeds through breed replacement. 

Risk or threat status of sheep breeds in Ethiopia was established using five indicators. In 

order to derive a unique risk criterion, the five indicators were combined to a single value of 

extinction probability (see Solomon et al. 2008b for description of the indicators and deriving 

extinction probabilities). Most of the breeds with high threat status (Table 5) do not contribute 

to the sheep genetic diversity in Ethiopia. Contribution of a breed to the total genetic diversity 

of a species depends on whether there are other breeds which are closely related with it. 

If risk strategy were to be adopted for setting conservation priorities for Ethiopian sheep, 

then most of the genetic diversity would be lost. Therefore, risk strategy could fall short 

of addressing a major objective of conservation efforts, conserving the maximum genetic 

diversity for the uncertain future. The strategy also does not consider contribution of breeds to 

the livelihood of the communities keeping the animals, which should be a major objective in 

developing regions. 

3.1.2 Maximum-diversity-strategy

3.1.2.1 Measures of contribution to diversity

The strategy targets conservation of the maximum of the genetic diversity in a population 

for the uncertain future (insurance objective of conservation). Breeds for conservation are 

selected solely based on their contribution to genetic diversity. Two alternative methods have 

been suggested in the literature to assess contribution of livestock breeds to the total genetic 

diversity conserved. The first (Weitzman method) is based on between-breed genetic diversity 

(Weitzman 1992), and the second (core set method) accounts for both between- and within-

breed genetic diversity (Eding et al. 2002; Caballero and Torro 2002). 
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Table 5. Relative conservation priorities for Ethiopian sheep breeds based on contributions to Eding 
core set diversity, extinction probability and overall breed merits

Breed
Contribution 
to diversity

Extinction 
probability1

Average breed 
merit2 Total utility 

Conservation 
priority

Farta 0.0000 0.50 0.27 0.27 10

Menz 0.0000 0.40 0.40 0.40 4

Sekota 0.0000 0.10 0.23 0.23 13

Simien 0.4355 0.30 0.33 0.60 1

Tikur 0.0000 0.30 0.33 0.33 8

Wollo 0.0000 0.50 0.33 0.33 7

Afar 0.1291 0.05 0.40 0.41 3

BHS 0.0000 0.10 0.40 0.40 5

Adilo 0.0000 0.40 0.17 0.17 14

Arsi-Bale 0.0000 0.10 0.27 0.27 12

Horro 0.0000 0.20 0.27 0.27 11

Bonga 0.1774 0.40 0.20 0.34 6

Gumz 0.1170 0.90 0.23 0.44 2

Washera 0.0696 0.10 0.27 0.28 9
 

1. Extinction probabilities were calculated based on indicators of threat status (see section 3.1.1).

2. Average breed merits were calculated as average of economic, ecological and socio-cultural merits.

The two methods were compared using microsatellite data collected on Ethiopian sheep 

breeds (Solomon 2008). The core set method appears to be more appropriate for selecting 

breeds for conservation as it favours breeds with high between- as well as within-breed 

variation, while the Weitzman method favours the conservation of genetically distance but 

inbred breeds. This argument has been supported by other findings (Caballero and Torro 

2002; Eding et al. 2002; Tapio et al. 2006).

However, the core set method involves maintaining an interbreeding population composed 

of individuals selected from the breeds contributing to the core set. This may not suit 

conservation strategies (such as community-based management of genetic resources in 

developing regions) that aim to maintain individual breeds that have affinities with specific 

communities. Yet, the core set method can still be used to rank breeds based on their relative 

contributions to the core set and maintain the breeds separately (see Solomon et al. 2007 for 

such application). 

3.1.2.2 Relevance to developing regions

The maximum-diversity-strategy may be most appropriate in the context of wildlife 

conservation and avoiding extinction of rare livestock breeds at the brink of extinction, 
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particularly in the developed regions. The primary objective of livestock conservation for 

developing regions is sustainable utilization with the view of improving the livelihood of 

the communities maintaining the genetic resources. The maximum-diversity-strategy does 

not meet this objective. For instance in the study of sheep resources of Ethiopia, most of the 

breeds with high current breed merits would have been excluded if conservation priorities 

were to be set based on their contributions to genetic diversity alone (Table 5). 

3.1.3 Maximum-utility-strategy

3.1.3.1 Setting conservation priorities

To meet conservation objectives of developing regions, an approach combining threat 

status of breeds, their contributions to genetic diversity, and to farm livelihoods (i.e. current 

breed merit, which includes economic or production, ecological and socio-cultural values 

of breeds) is needed. Such an approach (maximum-utility-strategy) is applied for setting 

conservation priorities among Ethiopian sheep breeds (Solomon et al. 2008b). The relative 

conservation priorities of the breeds changed when they were ranked based on their 

contribution to genetic diversity alone or on their total utility (Table 5). The five breeds that 

contributed to the total genetic diversity in Ethiopian sheep constitute the top priority group 

for conservation. However, among the five breeds, Bonga and Washera are excluded when 

breeds are ranked based on their total utility. The two breeds (Menz and BHS) that replace 

Bonga and Washera have higher average breed merit values although they do not contribute 

to the total genetic diversity conserved. Conservation of the five breeds with highest total 

utility would still conserve 73.4% of the genetic diversity in Ethiopian sheep. Total genetic 

diversity conserved could be increased to 92.5% if the sixth highest ranking breed (Bonga) is 

also included in the conservation list. Consideration of current breed merits besides to their 

contribution to neutral genetic diversity enables to balance the trade-offs between conserving 

diversity as insurance against future uncertainties and for current sustainable utilization of 

Ethiopian sheep breeds.

3.1.3.2 A simplified approach to ...

A broad conservation objective needs to target sustainable contributions of breeds to 

current farm livelihoods and insurance against uncertain future. There has been very limited 

research on optimally combining measures of neutral diversity and breed merits in order to 

rank breeds on their total utility. A conceptual framework for a maximum utility through a 

weighted summation of measures of neutral diversity and breed merits has been suggested by 

Simianer et al. (2003). The limitation to apply such a framework is that currently there is no 

obvious way of obtaining weights such as relative economic values of neutral diversity.
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A simplified approach to rank breeds on their total utility as used in Solomon et al. 
(2008b) can be adopted to provide a working ranking of breeds. Total utility of breed i 
(ui) can be estimated as: 

ui = 2(z
i * Di

) + W
i 

where z
i
 is extinction probability, D

i
 is partial contribution of breed i to Eding core set (the 

loss of diversity caused by the extinction of breed i). W
i
 is current merit of breed i. The 

‘conservation potential’ (z
i * Di

) is the possible increase in expected diversity if an endangered 

breed i was made completely safe. 

3.2 Conservation methods

There are two broad conservation approaches: in vitro and in vivo. In vitro method is 

cryopreservation of genetic materials. It is too early to make use of cryopreservation in many 

developing countries. In the mean time, there are more feasible conservation methods at 

hand under the current circumstances including in vivo conservation. In vivo conservation 

includes in situ and ex situ methods. Ex situ in vivo conservation is the maintenance of 

pure-bred nucleus flocks in organized government farms or research farms which can form 

a repository of the pure breed. However, maintenance of ex situ flocks needs to be linked to 

farmer livelihoods in order to be feasible, for instance through closed or open nucleus breed 

improvement schemes. In situ conservation is the maintenance of livestock breeds in their 

natural breeding tract through their sustainable utilization by the communities keeping them. 

In situ approach is the method of choice for conservation of farm animal genetic resources, 

particularly where farm animal genetic resources are the best available livelihood option for 

farmers. 

3.3 Conservation through utilization
3.3.1 Communities are the vanguards of genetic resources

Unlike modern breeds of livestock, traditional breeds have been developed and maintained 

by communities through generations of breeding. Communities have in the process 

developed indigenous knowledge of managing their breeds. It is thus important that 

communities be involved and spearhead conservation of traditional breeds. Animal genetic 

resources could be considered as national and global public goods and their utilization 

be guided by national strategies. However, such national strategies should fully consider 

communities’ interests and economic needs as livestock are the major means of livelihoods 

for farmers and pastoralists. 
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3.3.2 Genetic improvement-based conservation

3.3.2.1 Conservation vs. definition of breeding objectives

Sustainable animal breeding enhances conservation of genetic resources. Sustainable 

animal breeding strategies require a broad definition of breeding objectives that emphasize 

biodiversity in addition to increased genetic progress. Such a conservation-based breeding 

program should be based on a broader breeding objective (than conventionally defined 

narrower objective) that incorporates the needs and perceptions of the community and 

maintenance of the genetic diversity such as adaptation traits. Involvement of the farmers in 

the design and implementation of the breeding program is in line with the principles of in situ 

conservation of genetic resources.

An example of a conceptual framework for a farmer-participatory conservation-based 

breeding strategy is presented in Solomon (2008) for sheep breeds in Ethiopia. In the 

framework, it is argued that adaptive traits are as important as production traits in subsistence 

farming in marginal areas. It is also argued that sustainable livestock production requires a 

trade-off between increased productivity and adaptation. The argument is substantiated in 

the analysis of alternative breeding objectives (production vs. production + adaptation traits, 

Table 6), which shows that a sacrifice of 25.0 – 58.0% in genetic gain of production traits 

was required in order to balance genetic progress and conservation of adaptive potential 

(FEC) of Menz sheep.

Table 6. Genetic gains attained from selection indexes constructed using production (YW) and 
production and adaptation (FEC) traits based on farmers preferences of traits

Selection index
Breeding-objective traits‡

YW MW ADG CG NLW GFW FEC

Production traits 0.64 0.50 0.012 0.85 0.009 0.017 –3.8

Production + adaptation traits 0.32 0.21 0.009 0.43 0.009 0.010 –13.7

‡ YW, yearling weight; MW, mature weight; ADG, daily gain during finishing; CG, chest girth; NLW, number of 
lambs weaned; GFW, greasy fleece weight; FEC, faecal worm egg count.

3.3.2.2 Conservation vs. breeding programs 

Livestock breeding programs can be broadly categorized into hierarchical and village-

based breeding programs. Hierarchical breeding programs involve commonly tiers where 

genetic improvement is created in a station nucleus flock and genetic gain is disseminated 

to village flocks. The down side of hierarchical breeding programs is their inconsideration 

to the preferences of the end-user communities for genetic improvement of their breeds. On 

the other hand, village or community-based breeding programs involve a one-tier breeding 

scheme where both genetic improvement and production are carried out in village flocks. 
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In situ conservation of livestock breeds is primarily the active breeding of animal populations 

and their continued use as part of an ongoing livelihood strategy (Woolliams et al. 1998; 

Gibson et al. 2006). In such a context, community- or village-based breeding programs can 

be viewed as part and parcel of a comprehensive conservation plan, and not as a separate 

genetic improvement activity that entails significant additional costs.

Village-based breed improvement programs are complementary to in situ livestock 

conservation objectives. However, consideration should be given to maintaining the genetic 

diversity while aiming for maximum genetic progress. Studies on conservation-based optimal 

design of village breeding schemes under smallholder conditions in developing regions are 

very limited in the literature. Optimizing breeding schemes requires consideration of both 

short-term (high rate of genetic gain) and long-term (maintenance of genetic variance and 

avoidance of inbreeding depression) effects of selection decisions. Study on the designing 

of conservation-based village selection scheme for Ethiopian Menz sheep (Solomon 2008) 

showed that the design should compromise the genetic gain achieved and the rate of 

inbreeding which is a measure of within-breed genetic diversity. Important factors to consider 

when designing the breeding scheme are the intensity of selection (Figure 4) and the flock 

size or effective population size which can be increased by increasing the number of villages 

cooperating in the scheme (Figure 5). 
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Figure 4. Aggregate response as proportion of genetic standard deviation of the aggregate genotype (H/ H) and 

rate of inbreeding (∆F) with decreasing proportion of rams selected.
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Figure 5. Aggregate response as proportion of genetic standard deviation of the aggregate genotype (H/ H) 

and rate of inbreeding (∆F) with increasing number of villages cooperating and different proportions of rams 

selected (P).
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4 Concluding remarks—Operational aspects  
of characterization and conservation

This report presented the technical aspects of sheep genetic resource characterization and 

conservation in developing regions. Operational aspects of setting up national program for 

characterization and conservation action may be country specific. However, some general 

aspects such as institutional setups and breeding policy and strategy formulation could be 

similar across countries. The ad hoc conservation programs and institutions set up in some 

developing countries are largely non-functional and efforts are uncoordinated. In some 

cases, there is an overlapping mission of institutions regarding conservation of livestock 

species which further aggravates the coordination effort. There is thus a need for institutional 

analysis to identify an apex body to coordinate national characterization and conservation 

programs and collaborating institutions that have the means to carry out the activities. 

Research, development and documentation activities in national livestock characterization 

and conservation programs also need to be identified. Figure 6 shows such a scheme for a 

national livestock characterization and conservation program, taking Ethiopia as a case study.



31

Fi
gu

re
 6

. R
es

ea
rc

h,
 d

ev
el

op
m

en
t a

nd
 d

oc
um

en
ta

tio
n 

ac
tiv

iti
es

 a
nd

 in
st

itu
tio

ns
 in

 n
at

io
na

l a
ni

m
al

 g
en

et
ic

 r
es

ou
rc

e 
ch

ar
ac

te
riz

at
io

n 
an

d 
co

ns
er

va
tio

n 
pr

og
ra

m
.

N
at

io
na

l s
he

ep
 r

es
ou

rc
es

 

 

C
ha

ra
ct

er
iz

ed 
 

C
on

tin
uo

us
 m

on
ito

ri
ng

—
A

ss
es

s 
th

re
at

 s
ta

tu
s,

 b
re

ed
 

m
er

its
, c

on
tr

ib
ut

io
n 

to
 d

iv
er

si
ty

N
ot

 c
ha

ra
ct

er
iz

ed 

Sm
al

l p
op

ul
at

io
n 

or
 

flo
ck

 s
tr

uc
tu

re
 n

ot
 

ap
pr

op
ri

at
e 

to
 m

ai
nt

ai
n 

ef
fe

ct
iv

e 
po

pu
la

tio
n 

si
ze 

La
rg

e 
po

pu
la

tio
n 

In
di

sc
ri

m
in

at
e  

Po
pu

la
tio

n 
si

ze
, f

lo
ck

 s
tr

uc
tu

re 
Le

ve
l o

f c
ro

ss
br

ee
di

ng 

In
st

itu
te

 o
f B

io
di

ve
rs

ity
 

C
on

se
rv

at
io

n
(C

oo
rd

in
at

in
g 

In
st

itu
te

)

C
on

tr
ol

le
d 

In
tr

od
uc

e 
co

ns
er

va
tio

n 
m

ea
su

re
s 

to
 r

es
to

re
 

ef
fe

ct
iv

e 
po

pu
la

tio
n 

si
ze 

Fo
rm

ul
at

e 
co

ns
er

va
tio

n-
ba

se
d 

br
ee

di
ng

 s
tr

at
eg

y
Id

en
tif

y 
br

ee
di

ng
 o

pt
io

n/
st

ra
te

gy
 fo

r 
im

po
rt

an
t b

re
ed

s

Se
t c

on
se

rv
at

io
n 

an
d 

im
pr

ov
em

en
t p

ri
or

iti
es 

C
on

se
rv

at
io

n 
m

ea
su

re
s

-d
el

in
ea

te
 z

on
es

(c
ro

ss
or

 p
ur

e 
br

ee
di

ng
) 

- 
in

 s
itu

 c
on

se
rv

at
io

n
-m

ai
nt

ai
n 

ex
 s

itu
 fl

oc
k

B
re

ed
in

g 
pr

og
ra

m
-C

om
m

un
ity

-b
as

ed
,o

r 
-C

en
tr

al
iz

ed
 n

uc
le

us
, o

r
-l

in
ki

ng
 th

e 
tw

o

R
es

ea
rc

h 
In

st
itu

te
s 

C
ha

ra
ct

er
iz

e 
sh

ee
p 

re
so

ur
ce

s  
 

D
oc

um
en

ta
tio

n
(D

A
D

-I
S,

 D
A

G
R

IS
, I

B
C

)

M
in

is
tr

y 
of

 li
ve

st
oc

k 
de

ve
lo

pm
en

t
(C

oo
rd

in
at

in
g 

bo
dy

)

C
om

m
un

iti
es 

U
ni

ve
rs

iti
es 

In
te

rn
at

io
na

l  
co

lla
bo

ra
tin

g 
in

st
itu

te
s 



32

References
Abegaz, S. and Duguma, G. 2000. Genetic and phenotypic parameters of growth, reproductive and 

survival performance of Horro sheep at Bako Agricultural Research Centre. Research fellowship 
report. International Livestock Research Institute, Addis Ababa, Ethiopia.

Bennewitz, J., Eding, H., Ruane, J. and Simianer, H. 2007. Selection of breeds for conservation. In: 
Kor Oldenbroek (ed), Utilization and conservation of farm animal genetic resources. Wageningen 
Academic Publishers.

Biniam Akalu. 1992. Productive performances of Adal and Black Head Somali sheep under irrigated 
conditions at Melka Werer. MSc thesis, Alemaya University of Agriculture, Alemaya, Ethiopia.

Caballero, A. and Toro, M.A. 2002. Analysis of genetic diversity for the management of conserved 
subdivided populations. Conservation Genetics 3: 289–299.

Cavalli-Sforza, L.L. and Edwards, A.W. 1967. Phylogenetic analysis. Models and estimation procedures. 
American Journal of Human Genetics 19: 233–240.

Collins, D.S.N., Bush, B.R., Jeske, R.Q., Martinez, R.E., Zermoglio, M.F., Lu, Q., Burton, R., Muchugu, 
E.I., White, J.W. and Hodson, D.P. 2001. Almanac Characterization Tool v 3.0. A resource base for 
characterizing the agricultural, natural and human environments for selected African countries. 
Texas Agricultural Experiment Station, Texas A&M University system, Texas.

CSA (Central Statistical Authority). 2005. Ethiopian Agricultural Sample Enumeration for the year 
2004/2005, Statistical Report on Farm Management Practices, Livestock and Farm Implements, 
Addis Ababa, Ethiopia.

Eding, H., Crooijmans, R.P.M.A., Groenen, M.A.M. and Meuwissen, T.H.E. 2002. Assessing the 
contribution of breeds to genetic diversity in conservation schemes. Genetics Selection Evolution 
34: 613–634.

Epstein, H. 1971. The Origin of Domestic Animals of Africa, Vol. 2. Africana Publication Corporation, 
New York, 719 pp.

FAO (Food and Agriculture Organization of the United Nations). 1986. Animal genetic resources data 
banks–2. Descriptor lists for cattle, buffalo, pigs, sheep and goats. Animal Production and Health 
Paper No. 59, Volume 2. Rome.

FAO (Food and Agriculture Organization of the United Nations). 1998. Report: Working group on 
production environment descriptors for farm animal genetic resources. Report of a Working Group, 
held in Armidale, Australia, 19–21 January 1998. Rome.

FAO (Food and Agriculture Organization of the United Nations). 2005. Measurement of domestic 
animal diversity (MoDAD): Recommended microsatellite markers. http://dad.fao.org/cgi-bin/
getblob.cgi. 

FAO (Food and Agriculture Organization of the United Nations). 2007. The State of the World’s Animal 
Genetic Resources for Food and Agriculture, edited by Barbara Rischkowsky and Dafydd Pilling. 
Rome.

FAO/UNEP (Food and Agriculture Organization of the United Nations). 2000. World watch list for 
domestic animal diversity, 3rd edition. Edited by B.D. Scherf. Rome.



33

Gibson, J., Gamage, S., Hanotte, O., Iñiguez, L., Maillard, J.C., Rischkowsky, B., Semambo, D. and Toll, 
J. 2006. Options and strategies for the conservation of farm animal genetic resources: Report of an 
International Workshop (7–10 November 2005, Montpellier, France). CGIAR System-wide Genetic 
Resources Programme (SGRP)/Bioversity International, Rome, Italy. 53 pp.

ILCA (International Livestock Centre for Africa). 1990. Livestock systems research manual. Volume 1. 
Addis Ababa.

ILCA (International Livestock Centre for Africa). 1990. Livestock systems research manual. Volume 2. 
Addis Ababa.

Lauvergne, J.J., Bourzat, D. and Minvielle, F. 2000. Using morphometric indices to map goat resources. 
In: Blench, R.M. and MacDonald, K.C. (eds), The origins and development of African livestock: 
Archaeology, genetics, linguistics and ethnography pp. 290–301. Univ. College London Press, 
London.

Manly, B.J.F. 1991. Randomization and Monte Carlo methods in biology. Chapman Hall. London.

Meghen, C., MacHugh, D.E. and Bradley, D.G. 1994. Genetic characterization of West Africa cattle. 
World Animal Review 78: 59–66.

MOA (Ministry of Agriculture)-Ethiopia. 1975. National policy on sheep research and development. 
Report of the Technical Committee. Mimeograph. MOA, Addis Ababa, Ethiopia.

MoA (Ministry of Agriculture). 1998. Agroecological zones of Ethiopia. Natural Resources Management 
and Regulatory Department, MOA, March 1998, Addis Ababa.

Nei, M. 1972. Genetic distance between populations. American Naturalist 106: 283–292.

Nei, M., Tajima, F. and Tateno, Y. 1983. Accuracy of estimated phylogenetic trees from molecular data. 
II. Gene frequency data. Journal of Molecular Evolution 19: 153–70.

Rege, J.E.O. and Lipner, M.E. 1992. African animal genetic resources: Their characterisation, 
conservation and utilisation. Proceedings of the Research Planning Workshop, 19–21 February 
1992, Addis Ababa, Ethiopia, International Livestock Centre for Africa, Addis Ababa, Ethiopia. 172 
pp.

Ruane, J. 1999. A critical review of the value of genetic distance studies in conservation of animal 
genetic resources. Journal of Animal Breeding and Genetics 116: 317–323.

Simianer, H., Marti, S.B., Gibson, J., Hanotte, O. and Rege, J.E.O. 2003. An approach to the optimal 
allocation of conservation funds to minimize loss of genetic diversity between livestock breeds. 
Ecological Economics 45: 377–392.

Sisay, L. 2002. Phenotypic classification and description of indigenous sheep types in the Amhara 
national regional state of Ethiopia. MSc thesis, University of Natal, Pietermaritzburg, South Africa.

Solomon Gizaw. 2002. Genetic evaluation of Menz and Awassi × Menz crossbred sheep in Ethiopia. 
MSc thesis, NDRI, India.

Solomon Gizaw. 2008. Sheep resources of Ethiopia: genetic diversity and breeding strategy. PhD thesis, 
Wageningen University, The Netherlands.

Solomon Gizaw, van Arendonk, Johan A.M., Komen, H. Windig, J.J. and Hanotte, O. 2007. Population 
structure, genetic variation and morphological diversity in indigenous sheep of Ethiopia. Animal 
Genetics 38: 621–628.



34

Solomon Gizaw, Komen, H., Hanotte, O., van Arendonk, J.A.M. 2008a. Indigenous sheep resources of 
Ethiopia: types, production systems and farmers preferences. Animal Genetic Resources Information 
43: 25–40.

Solomon Gizaw, Komen, H., Windig, J.J., Hanotte, O. and van Arendonk, Johan A.M.. 2008b. 
Conservation priorities for Ethiopian sheep breeds combining threat status, breed merits and 
contributions to genetic diversity. Genetics Selection Evolution 40: 4.

Sunnucks, P. 2001. Efficient genetic markers for population biology. Tree 15: 199–203.

Tapio, I., Varv, S., Bennewitz, J., Maleviciute, J., Fimland, E., Grisils, Z., Meuwissen, T.H.E., Miceikiene, 
I., Olsaker, I., Viinalass, H., Vilkki, J. and Kantanen, J. 2006. Prioritization for conservation of 
Northern European cattle breeds based on analysis of microsatellite data. Conservation Biology 20: 
1768–1779. 

Wright, S. 1943. Isolation by distance. Genetics 28: 139–156.

Weitzman, M.L. 1992. On diversity. The Quarterly Journal of Economics 107: 363–405. 

Woolliams, J.A., Gwaze, D.P., Meuwissen, T.H.E., Planchenault, D., Renard, J.-P., Thibier, M. and 
Wagner, H. 1998. Secondary guidelines for Development of National Farm Animal Genetic 
Resources Management Plans. Management of small populations at risk. Initiative for Domestic 
Animal Diversity (IDAD). FAO (Food and Agricultural Organization), Rome. 

Workneh Ayalew and Rowlands, J. (eds). 2004. Design, execution and analysis of the livestock breed 
survey in Oromiya Regional State, Ethiopia. OADB (Oromiya Agricultural Development Bureau), 
Addis Ababa, Ethiopia, ILRI (International Livestock Research Institute), Nairobi, Kenya.



35

Appendix 1. Information recorded for mammalian species in the Global 
Databank for Animal Genetic Resources
General information

Species

Breed name (most common name and other local 
names)

Distribution

• Population data: Basic population information

Year of data collection

Total population size (range or exact figure)

Reliability of population data

Population trend (increasing, stable, decreasing)

Population figures (based on census/survey at 
species/breed level or estimate)

Advanced population information:

Number of breeding females and males

Percentage of females bred to males of the same 
breed and percentage of males used for breeding

Number of females registered in herd book/
register

Artificial insemination usage and storage of 
semen and embryos

Number of herds and average herd size

• Main uses (listed in order of importance)

• Origin and development

Current domestication status (domestic/wild/feral)

Taxonomic classification (breed/variety/strain/
line)

Origin (description and year)

Import

Year of herd book establishment

Organization monitoring breed (address)

• Morphology

Adult height and weight

Number and shape/size of horns

Colour

Specific visible traits

Hair and/or wool type

Special qualities

Specific quality of products

Specific health characteristics

Adaptability to specific environment

Special reproductive characteristics

Other special qualities

• Management conditions/management system

Mobility

Feeding of adults

Housing period

Specific management conditions

• In situ conservation

Description of in situ conservation programs

• Ex situ conservation

Semen stored and number of sires represented

Embryos stored and number of dams and sires 
represented in embryos

Description of ex situ conservation programs

• Performance

Birth weight

Age at sexual maturity

Average age of breeding males

Age at first parturition and parturition interval

Length of productive life

Milk yield and lactation length (mammals)

Milk fat

Lean meat

Daily gain

Carcass weight

Dressing percentage

Management conditions under which 
performance was measured

Source: FAO/UNEP (2000).
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Appendix 2. Summary of variable definition for morphological characters

Character Variable Description

                                    Continuous variables

Withers height Withers height Height from ground to withers, cm

Chest girth Chest girth Circumference of the chest, cm

Body length Body length Distance between shoulder and pin bone 

Substernal height Substernal Height from ground to sternum, cm

Ear length Ear length Length of ear, cm

Tail length Tail length Length of tail, cm

Tail width Tail width Width of tail at the widest point, cm

Dummy variables**

Fibre type 1* Animal has short-haired coat 

2 Animal has long coarse-wool coat 

Coat colour 1 Plain black

2 Plain white

3 Plain brown

4 Plain beige

5 Black with white patches

6 Brown with white patches

7 Brown with black belly (Tazma)

8 Black with brown on belly and head (Woyni)

9 Black body and white patch on head (Boqa)

10 White body and black head

11 Brown body and white head

12 White body and brown head

Horn presence 1 Animal has horn

2* Animal has no horn 

Tail form 1 Triangular, straight long tapering end

2 Triangular, coiled/twisted long tapering end

3 Cylindrical, short, straight 

4 Cylindrical, short, twisted

5 Cylindrical, short, turned-up

6 Tubular, long, straight

7 Bi-lobbed, turned-up

8* Rudimentary, tiny appendage

Tail type 1 Animal is fat-tailed

2 Animal is thin-tailed

3* Animal is fat-rumped

* Reference categories excluded from analysis. ** Dummy variables took values 0 or 1 to indicate the 
absence or presence of the characteristics described for the character state (dummy variable).
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